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© Enteric microcapsules and process for the preparation 
© Novel enteric microcapsules containing ar^c^e«rn- 
p^und as a core material, the coating walls o *vmchconstst 
Sally of ethylcellulose and an enteric polymer rna tena! 
tnd optionally a water-sweilable polymer material be ng 
f n «roorated into the core material, and a process for the 
^P^Li. The microcapsules can 
Se Votive compound in intestinal tract while protecting the 
core material sufficiently in stomach. 
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ENTERIC MICROCAPSULES AND PROCESS 
THE PREPARATION THEREOF . — 



The present invention relates to novel enteric 
microcapsules and a process for the . preparation thereof, 
more particularly, to enteric microcapsules containing 
an active compound as a core material, the coating vails 
of which consist essentially of ethylcellulose and an 
enteric polymer material, and a process for the pre- 
paration thereof. 

- . It is known to control the release of a core 
material in microcapsules by thickening the coating 
walls of microcapsules or by forming compact coating 
walls and thereby decreasing the permeability thereof 
(cf . Tamotsu Kondo and Masumi Koishi; "Microcapsules, 
Process for the Preparation thereof , Their Properties 
and Applications", issued by Sankyo Shuppan, 1977). 
According to these known methods, however, while the 
release of core material is well controlled, the release 
of core material is also inhibited even when the- core 
0 material should be released and hence the desired acti- 
vities of the main active compounds are occasionally not 
obtained. Particularly, in case of pharmaceutical com- 
pounds, they are usually microencapsulated with ethyl- 
cellulose in order to mask unpleasant odor or taste 
25 thereof, but in most cases, such microcapsules show 
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retarded release of the active ingredient in intestinal 
tract. 

From this viewpoint, the present inventors 
have extensively studied on improvement of microcapsules, 
and as a result, it has been found that the desired 
enteric microcapsules having excellent effect of pro- 
tecting the core material and being capable of releasing 
easily the core material in intestinal tract can be 
obtained by incorporating an enteric polymer material 
into the ethylcellulose coating walls of microcapsules 
containing core material, or incorporating a water- 
swellable polymer material into the core material 
contained in the microcapsules and further incorpora- 
ting an enteric polymer material into the ethylcellulose 
coating walls. 

An object of the present invention is to 
provide enteric microcapsules being capable of releasing 
easily the active component (core material) in intestinal 
tract while protecting the core material effectively in 
stomach. Another object of the invention is to provide 
a process for the preparation of the enteric microcapsules. 
These and other objects and advantages of the present 
invention will be apparent to persons skilled in the art 
from the following description. 

The novel enteric microcapsules of the present 
invention (i.e., enteric microcapsules containing an active 
compound as a core material, the coating walls of which 
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consists essentially of ethylcellulose and an enteric 
po^er material) can be prepared by the steps of: 

(a) dissolving ethylcellulose in a solvent, 

. „ a5rt icles of a core material in the 

(b) dispersing partu.cj.es. 

solution thus obtained, 

CO cooling the dispersion until coating walls 
having a viscosity of 0.1 to 50 P are formed on and 
around the particles of the core material, 

(d ) adding an enteric polymer material to the 

dispersion, 

(e) further cooling the dispersion containing the 
enteric polymer material until the resultant embryonic 

' ^crocapsules shrink and become solid by solvent loss 
from the coating walls, and then 
5 (f) recovering the thus-formed microcapsules 

therefrom. 

The core material used in the present invention 
includes pharmaceutical compounds and foodstuffs which 
W be in the form of a solid, gel or semi-solid. The 
20 particle size of the core material is not critical but 
' is usually in the range of about 30 to 1,000 p.. pre- 

f erably about 50 to 500 p. . 

Ethylcellulose used for forming microcapsule 
coating walls on and around- the particles of the core 
25 material has preferably an ethoxy content of about 46.5 
to 55 W/H » and a viscosity of about 3 to 500 cP (the 
viscosity of ethylcellulose is measured in a 5 W/W % 
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solution in toluene-ethanol (.4 : 1) at 25°C). The 
ethylcellulose is usually used in an amount of about 
0.01 to 10 grams per gram of the core material. 

The enteric polymer material to be incorporated 
5 into the ethylcellulose coating walls includes (±) an 

organic dicarboxylic acid ester of. a hydroxy alky 1 alkyl - 
cellulose or cellulose acetate; Cii) a carboxyalkyl 
alkylcellulose; (iii) a copolymer of an alkenylcarboxylic 
acid and an alkyl ester of an alkenylcarboxylic acid; 

10 (iv) a copolymer of an alkenylcarboxylic acid and two 

alkyl esters of an alkenylcarboxylic acid, (y) zein and 
(vi) shellac. Suitable examples of the organic dicarb- 
oxylic acid esters of a hydroxyalkyl alkylcellulose or 
cellulose acetate (i) are phthalic acid esters of a 

15 hydroxyalkyl alkylcellulose or cellulose acetate , such as 
hydroxyethyl ethylcellulose phthalate, hydroxypropyl 
roethylcellulose phthalate, cellulose acetate phthalate, 
and other organic dicarboxylic esters such as cellulose 
acetate succinate, cellulose acetate maleate, or the like. 

20 Suitable examples of the carboxyalkyl alkylcellulose 

(ii) are carboxymethyl methylcellulose and carboxymethyl 
ethylcellulose. Suitable examples of the copolymer of 
an alkenylcarboxylic acid and an alkyl ester of an 
alkenylcarboxylic acid Ciii) are copolymers of meth- 

25 acrylic acid and an alkyl acrylate or methacrylate, 
such as a copolymer of methacrylic acid and methyl 
acrylate , a copolymer of methacrylic acid and ethyl 
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acrylate, copolymer of methacrylic acid and methyl 
B ethacryl.t.. suitable examples of the copolymer of 
an aiKenylcarboxylic acid and two alXyl ester, of an 
alKenylcarboxylic acid Civ) axe copolymers of methacryUc 
acid, an alxyl acrylate and an alKyl methacrylate . such 
as a copoiymer of methacrylic acid, methyl acrylate and 
TOthy l methacrylate. a copolymer of methacrylic acid, 
methyl acrylate and octyl acrylate. 

These enteric polymer materials are preferably 
in the for. of a finely-divided particle, particularly 
bavin, a particle sise of about 300 ^ or less, more 
particularly a particle sire of 0.1 to 300 „. The 
enteric poller materials are preferably used in an 
amount of at least about 0.01 9 ram. more preferably 
about 0.05 to 20 grams per 9 ram of the «atin 9 wall- 
forming material (ethylcellulose) . 

Khen a water-swellable polymer material is 
incorporated into the core material in microcapsules 
wherein an enteric polymer material is incroporated 

. , 0 -release of the active com- 
in the coating walls, the release 

pound is more promoted. 

Such a water-swellable polymer material is 
a material which shows at least 1.2 times increase in 
weight by i-ersing it in water at 37'C. The water- 
swellable polymer material includes agar-agar, pectxnrc 
acid, alginic acid, cellulose, starch, a carboxyalKyl 
cellulose (e.g. carboxymethyl cellulose) or its calcium 
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salt, copolymers of divinylbenzene and an alkenyl- 
carboxylic acid te.g. a copolymer of divinylbenzene 
and acrylic acid, a copolymer of divinylbenzene and 
methacrylic acid) , a cross-linked gum arabic Ce.g. 
5 gum arabic cross-linked with epichlorohydrin) , a cross- 
linked dextran (_e-g- dextran cross-linked with epichloro- 
hydrin) , and a cross-linked polyalkenylcarboxylic acid 
(e.g. self-crosslinked polyacrylic acid, self-cross- 
linked methacrylic acid) . 
IQ These water-swellable polymer materials are 

preferably in the form of a finely-divided particle, 
particularly having a particle size of about 300/* or 
less, more particularly a particle size of 0.1 to 300 /i. 
'Suitable amount of the water-swellable polymer material 
15 to be incorporated into the core material 'is about 1 to 
99 w/w %, especially about 5 to 90 w/w %. 

In the preparation of the microcapsules 
of the present invention, an ethylcellulose dispersion 
containing a core material is firstly prepared by 
20' dispersing a core material into a .solution containing 
ethylcellulose as the wall-forming material. In case 
of ethylcellulose microcapsules containing a water- 
swellable polymer material in the core material, it 
is preferable to previously prepare a granule of a 
25 mixture of a core material and a water-swellable 

polymer material, and the core material containing a 
water-swellable polymer material is dispersed into 
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«f ethylcellulose. 
a Ml ,t,n of V Qiving ethylcellulose « 

The solvent iwj. 

„ ch can dissolve ethylcellulose nth 

. o£ _t » to sec 

heating U-e. further does 

4- dissolve under cooling ana ru 
but does not dissolv . 

. . v q£ the core materia* 
not dissolve both of - ^ ^ ?ies of ^ 

reliable pol^r _ cyclohe *ane ana 

solvent are cyelonexane. a *xxtur 

„r the like, among whrob cyclon 
n _ h «ane. or the lulose is dissolved in 

•■ tic ° xariy 1 n :t . — — - — * 75 - 8o ° c - 

^ rr^l solution thus obtain, has preferably 
The ethylcellu-i-os 0.1 to 10 

ethylcellulose of about u.i 

a ^ - -^ i ^ 5 ^ % The ais . 

^ % ' a core material or a core material containing 

15 Pe^ion of a core ethy lcellulose 
^liable polymer material 
a water-svellabie P stirr ing at a 

• nref erably carried out wnm 
solution is preferao y le of a mixture 

* K««t 75 to 80-C. The granule o 
temperature of about material 

, erial and a water-svellable poiy* 
o{ . cere ^ ^ ^ _ 

20 can be prepared by a ^ M „a the 

nation ^ ^ =ritical bo t is 

"~ ° £ . of about 30 to 1.000 preferably 
usually in the range of abou 

„ 50 " I! ph ase-separation of 

" . o£ a core material or a core materral 

the dispersron of a Mt . ri .l is carried 

containing vater-swellable poly- 
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out in the presence or absence of a phase-separation- 
inducing agent, i.e. by either coacervation or floe- 
culation, and optionally in the presence of a wall- 
forming auxiliary and/or a surfactant. 

The phase-separation-inducing agent includes 
polyethylene, butyl rubber, polyisobuty lene , and poly- 
butadiene. The wall-forming auxiliary includes dimethyl 
polysiloxane, methylphenyl polysiloxane, diphenyl poly- 
siloxane, and polystyrene-polydimethyl polysiloxane 
block copolymer. The surfactant includes an ester of 

C_ n - 1Q fatty acid with sorbitan (e-g* sorbitan mono- 
12—18 

laurate, sorbitan sesguilaurate , sorbitan trilaurate, 
sorbitan monoleate) , an ester of Cg_ 18 fatty acid with 
glycerin (e.g. glycerin monocaprylate , glycerin mono- 
laurate, glycerin monooleate) , a phospholipid Ce.g. 
soybean phospholipids, egg-yolk phospholipids) , calcium 
stearyl lactate, an ester of C g _ lg fatty acid with 
propylene glycol C^.g. propylene glycol monocaprylate , 
propylene glycol monostearate) , and an ester of Ci 2 -18 
fatty acid with sucrose Ce.g. sucrose mono-, di- or 
tristearate) . These additives may be added to the 
ethylcellulose solution prior to dispersing the core 
material in said solution. The additives are used in 
a concentration of about 0.01 to 10 W/V % tphase-sepa- 
ration-inducing agent), about 0.01 to 10 W/V % (wall- 
forming auxiliary), and about 0.001 to 10 W/V % (sur- 
factant) , respectively. 
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T he phase-separation of ethylcellulose is 
preferably carried out by cooling the dispersion at a 
rate of about 0.05 to 4-C/minute, especially 0.1 to 
2 . c/ minute. When an enteric polya-er naterial is xn- 
corporated into the etbylcellulbse =oatin 9 walls, it rs 
adfl ed with stirring to the dispersion during tbe co,^ 
steP . particularly at the stage where coating walls of 

around the particles of the core material and tbe 
^us-for^ed coatin 9 walls have still fluidity in see 
extent have a viscosity of 0.1 to SO P. especially 

X to 10 P) - Hore especially, since the coating walls 
h aving a fluidity is forced on an around the core .aterral 
by cooling the dispersion to about 55 to 75'C. especially 
about 65-C (while.it may somewhat vary Spending on the 

to add tbe enteric polymer material to the dispersion 
wh en cooled to said temperature. The enteric polymer 
material thus added is appropriately penetrated and 
, dispersed into the coating walls. After adding the 
enteric polymer material, the dispersion is further 
cooled to a temperature not higher tban 40'C Ce.g. 
30 to 20-CJ. and thereby, the forced embryonic micro- 
capsules are shrunK and become solid by solvent loss 

*<n» walls thus giving stable ethylcellulose 
IS from the coating walls, cnu *j 

microcapsules- 

The microcapsules thus obtained may be 
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recovered in conventional manner, such as decantation, 
centrifugation, filtration and so forth, wherein the 
microcapsules do not adhere or coagulate each other. 
The microcapsules thus recovered may, if required, 
be washed with a solvent such as cyclohexane, petro- 
leum ether, n-hexane, etc. and then dried in conven- 
tional manner (.e.g. by a hot-air drying method or heat 
transfer drying method) . 

The microcapsules of the present invention 
can be applied to not only pharmaceutically active 
compounds or medicaments but also other various sub- 
stances such as veterinary drugs, foodstuffs, or the 
like. The pharmaceutically active compounds or medica- 
ments, to which the microcapsules of the present inven- 
tion and the process for the preparation ^thereof can be 
applied, are, for example, vitamines (e.g. ascorbic acid), 
amino acids (e.g. potassium aspartate, magnesium aspartate), 
peptides (e.g. insulin), chemo therapeutics (e.g. sulfa- 
methizole) , antibiotics (e.g. benzylpenicillin potassium 
salt) ,' respiratory stimulants (e.g. dimefline hydrochloride), 
antitussives and expectorants (e.g. tipepidine dibenzoate-, 
bromhexine hydrochloride, trimetoguinol hydrochloride), 
anti -tumor agents (e.g. 5-fluorouracil, bleoraycine hydro-: 
chloride), autonomic agents (e.g. N-butylscopolararaonium • 
bromide), neuro-pyscotropic agents (e.g. calcium N-(/\ 7 ■' 
dihydroxy-/3, /? -diroethylbutyryl) - T -aminobutyrate) , local 
anesthetics (e.g. oxethazaine) , muscle relaxants (e.g. ■ 
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~i. — a « ectin9 ai9estlve °T • 

1L-3- <aithien- 2 -y— > PiP-^" br0miae " 

^ L- «— — - tri - ebutine maieat : ; 

^-L^inics Ce. 9 . aiphenhyaramine M^cn . 

, a ^penicillamine, aiferoxamine mesylate), 
an tiaotes ..... ^ s „ byai ^^.. 

«— 77 v^>, antipyretics, 
antiepileptics Ce.g- so 

a nal 9 esics ana anti-inrla^tory agents Ce.g. acety 

• MBr oxen} . cardiotonics 
salicylic acid, indometacxn, naproxen! , 

.cillaridinl , - antiarrhythmic agents 

,.. g . — " l hy aiitia2oBhydrochlori ee,. -till*— 

vasodilators Ce.g. a^xi 

soaium aextran s»lrate> . —rents, tonic, «- 
Natives ,. 9 . ^,-aspa^..--.^ 
„ , heparin calcinm* . *°* *™ ^ 

ag ents (e. g . carhutamiae, , antihypertensives Ce.g. 

, to b e microencapsulated may also he a co.pcaxt.on con 
tai „in g such phermaceutically — — — tD9eth " 
with an inert excipient or vehicle. 

when the microcapsules containing an enteric 

. =l in the coating walls oi the present 
polymer material in tne . 
2S Jention a« eaministerea , the release o £ the active 

polymer material is easily aissolvea in intestinal 
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tra ct and thereby the microcapsules become porous. 
Accordingly, the liquid in intestinal tract can easily 
penetrate into the microcapsules and thereby the re- 
lease of active compound is promoted. Thus, when 
pharmaceutical compounds which are decomposed or in- 
activated by gastric juice or can easily be absorbed 
in intestinal tract are microencapsulated by the 
present invention, they are sufficiently protected 
in stomach and are rapidly released in intestinal tract. 
Besides, when a water- swellable polymer material is 
incorporated into the core material, the active compound 
is likewise protected in stomach, but the enteric polymer 
material in the ethylcellulose coating walls is rapidly 
dissolved in intestinal tract to make the coating walls 
porous, by which the penetration of liquid -into the 
core material is promoted and then the water-swellable 
polymer material absorbs the liquid and swells. Owing 
to the swelling pressure, the core material is finely 
cracked and thereby release of the active compound is 
further promoted.. That is, by coaction of the phenomenon 
that the coating walls become porous and the capillarity 
by fine cracking in the core material, the release of 
the active compound in intestinal tract is promoted. 
Xn addition to the above advantages, the microcapsules 
I of the present invention have an appropriately improved 
ethylcellulose coating walls by incorporating an enteric 
• polymer material into the coating walls, by which the 
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microcapsules show excellent compatibility with various 
carrier and also excellent free-flowing characteristics 
and further the microcapsules can easily be tabletted 
without undesirable sticking or capping. The micro- 
, capsules of the present invention show also less un- 
pleasant feeling when administered." 

The present invention is illustrated by the 
following Experiments and Examples, wherein "part" 
means "part by weight" unless specified otherwise. 
L0 Throughout the specification and claims, the terms 

-alkyl" and "alkenyl" should be interpreted as refer- 
ring to alkyl having one to 8 carbon atoms, preferably 
one to 4 carbon atoms and alkenyl having 2 to 4 carbon 
atoms, respectively. 
15 Ex periment I 

pyxidoxal phosphate-containing microcapsules 

(an enteric polymer material being incorporated into 
the coating walls) were prepared according to the 
following methods. Then, the yield of microcapsules 
20 thus obtained, the content of the active ingredient 
contained in the microcapsules, the release rate (%) 
of the active ingredient therefrom in the first liquid 
as defined in the Pharmacopoeia of Japan lOth-Edition . 
Disintegration Test, and the 50 % release time (T 5Q ) 
25 (i.e. a period of time which was necessary to release 
50 % of the active ingredient from the microcapsules) 
in the second liquid were examined, respectively. 
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(i) Core material: 

To a mixture of pyridoxal phosphate (JL50 parts) 
and lactose (129 parts) was added a solution of hydroxy- 
propyl methylcellulose phthalate C21 parts) in 80 % 
aqueous ethanol (30 parts) , and the mixture was kneaded 
in a usual manner to form granules.- The granules were 
dried and regulated to a particle size of 105 to 210 fi. 

(ii) Preparation of microcapsules: 

To cyclohexane (600 ml) were added a silicone 
resin (conformable to the requirements of 4th Official 
Compendium of Food Additives in Japan, i.e. a mixture 
of dimethyl polysiloxane (viscosity: 100 to 1,100 cSt 
at 25 °C) and 3 to 15 % by weight of silicon dioxide) 
(18 g) and ethylcellulose (ethoxy content: 48.5 %, 
viscosity: 100 cP) C10 g) and the mixture was dissolved 
by heating at 80°C. After dispersing a core material 
(40 g) to the solution, the dispersion was cooled with 
stirring at 400 r.p.m. When the temperature became to 
about 65 °C, finely divided particles of hydroxypropyl 
methylcellulose phthalate were added in an amount as 
shown in the following Table 1 in order to incorporate 
them into the coating walls and then the mixture was 
cooled to room temperature. The microcapsules thus 
formed were separated, washed with n-hexane and dried. 
Said microcapsules were passed through JIS (Japanese 
Industrial Standard) standard sieve (350 ft aperture) 
to give pyridoxal phosphate-containing microcapsules 
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which met the requirements of "powders" specified in 
the Pharmacopoeia of Japan lOth-Edition . 

As a reference, microcapsules were prepared 
in the same manner as described above except that no 
hydroxypropyl methylcellulose phthalate was added, 
(iii) Results: 

The results are shown in Table 1. As is clear 
from the results, when the addition amount of the hydroxy- 
propyl methylcellulose phthalate was larger, the release 
of the active ingredient in the second liquid was more 
promoted . 
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Experiment II 

Pyridoxal phosphate-containing microcapsules 
(a water-swellable polymer material being incorporated 
into the core material, and an enteric polymer material 
5 being incorporated into the coating vails) were pre- 
pared, and the yield of microcapsules, the content 
of the active ingredient contained in the microcapsules, 
the release rate of the active ingredient therefrom in 
the first liquid and T 50 in the second liquid were 

!0 examined, likewise. 

(i) Core material: 

To a mixture of pyridoxal phosphate C150 parts), 
carboxymethyl cellulose fa" part) and lactose (129 - 
-a" parts) was added a solution of a white dextrin (.21 
15 parts) in 40 t> aqueous ethanol C21 parts) , and the mix- 
ture was kneaded in a usual manner to give granules. 
The granules were dried and regulated to a particle 

size of 105 to 210 fi. 

(ii) Preparation of microcapsules: 
20 to cyclohexane (600 ml) were added dimethyl 

polysiloxane (viscosity: 1,000,000 cSt at 25-C) (18 g) 
and ethylcellulose Cethoxy content: 47.5 %, viscosity: 
110 CP) (10 g) , and the mixture was dissolved by heating 
at 80°C. After dispersing a core material (4 0 g) to the 
25 solution, the dispersion was cooled with stirring at 
400 r.p.m. When the temperature became to about 65 °C, 
finely divided particles (50 g) of hydroxypropyl methyl- 
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cellulose (methoxy contents 21.4 %, hydroxypropoxy 
content: 6.7 %, carboxybenzoyl content: 28.5 %1 in 
order to incorporate them into the coating walls and 
then the mixture was cooled to room temperature. The 
microcapsules thus formed were- separated, washed with 
n-hexane and dried. Said microcapsules were passed 
through JIS standard sieve (J350 A* aparturel to give 
pyridoxal phosphate-containing microcapsules which 
met the requirements of "powders", 
(iii) Results: 

The results are shown in Table 2. 
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Example 1 

(1) To a mixture of diltiazem hydrochloride 
(50 parts) and lactose (30 parts) was added a solution 
of polyvinyl acetate (20 parts) in ethyl acetate (20 

5 parts) , and the mixture was kneaded in a usual manner 
to give granules. The granules were dried and regulated 
to a particle size of 105 to 210 ft. 

(2) To cyclohexane (600 ml) were added the 
same silicone resin as used in Experiment I (18 g) and 

10 the same ethylcellulose as used in Experiment I (15 g) , 
and the mixture was dissolved by heating at 80 °C. After 
dispersing the core material as obtained in the above (1) 
(15 g) to the solution, the dispersion was cooled with 
stirring at 400 r.p.m. When the temperature became to 

15 about 65 °C, the enteric polymer material as shown in 
Table 3 (45 g) was added in order to incorporate it 
into the coating walls and then the mixture was cooled 
to room temperature. The microcapsules thus formed 
were washed with n-hexane and dried. Said microcapsules 

20 were passed through JIS standard sieve (350 ti aparture) 
to give diltiazem -hydrochloride-containing microcapsules 
which met the requirements of "powders". 
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Table 3 



Enteric polymer material Yield of Content of active 

tnter H * microcapsules ingredient m 



Cg) 



1 Methyl acrylate-raeth- 
acrylic acid copolymer 
(1 : 1 by mole) 

2 Methyl acrylate-raeth- 
acrylic acid-methyl 
methacrylate copolymer 
(1 : 1.2 : 1.2 by mole) 

3 Methyl methacrylate- 
methacrylic acid copolymer 
(52.4 : 47.6 by weight) 

4 Methyl methacrylate- 
methacryiic acid copolymer 
(70.8 : 29.2 by weight) 

5 Carboxymethyl-ethyl- 
cellulose (substitution 
degree of carboxymethyl : i 
0.65, substitution degree 
of ethoxy: 2.1) 

6 Cellulose acetate phtha- 
late (acetyl content: 
20.8 %, carboxybenzoyl 
content: 34.5 %) 

7 Shellac 

8 Zein 

9 Methacryiic acid- 
ethyl acrylate copolymer 
(1 : 1 by* mole) 



microcapsules 



72 



67 



70 



71 



74 



70 

71 
69 

71 



10.3 



11.1 



10.7 



10.5 



10.1 



10.7 

10.1 
10.7 

10.0 
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Example 2 

(1) To a mixture of trimethoquinol hydrochloride 
(chemical name: Z-l- C3. 5-trimethoxybenzyl) -6 ,7-dihydroxy- 
lr 2 r 3,4-tetrahydroisoquinoline hydrochloride) (25 parts), 
5 llclose (45 parts), white dextrin.. CIO parts) and a water- 
swellable polymer material as shown in Table 4 C20 parts) 
was added a 40 % aqueous ethanol U0 parts) , and the 
fixture was kneaded in a usual manner to give granules. 
The granules were dried and regulated to a particle 

10 size of 105 to 210 

(2) To cyclohexane (600 ml) were added a 
mixture of two polyisobutylenes (molecular weight: 
50,000 and 1,200,000, respectively, 1 : 1 by weight) 
(18 g) and the same ethylcellulose as used in Experiment 
15 I U2 g) , and the mixture was dissolved by heating at 
80-C. After dispersing the core material as obtained 
in the above (1) (48 g) to the solution, the dispersion 
was cooled with stirring at 400 r.p.m. When the temper- 
ature became to about 65°C, cellulose acetate phthalate 
20 (acetyl content: 20.8 %, carboxybenzoyl content: 34.5 %) 
(60 g) was added in order to incorporate it into the 
coating walls and then the mixture was cooled to room 
temperature. The microcapsules thus formed were separated 
washed with n-hexane and dried. Said microcapsules were 
25 treated in the same manner as described in Example 1 to 
give trimethoquinol hydrochloride-containing microcapsules 
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Table 4 



Water- swellable 
polymer material 



Agar-agar 

Carboxymethyl- 
cellulose calcium 

Pectinic acid 

Gum arabic cross- 
linked with epi- 
chlorohydrin 



Dextran cross- ^ 
linked with epi- 
chlorohydrin 

Divinylbenzene- 
acrylic acid co- 
copolymer 

Self-crosslinked 
polyacrylic 
acid 

Potato starch 

| Carboxymethyl- 
cellulose 

Crystalline 
cellulose 



Degree of 1 
swelling 1 


Yield of C 
microcapsules a 

(g) 1 


4 0 


115 j- 


2.1 


117 


3.5 


114 


8.5 


aJLo 1 


15 


109 


4.4 




20 


1 108 " 


1.4 




2.3 


j 110 


1.2 


115 



(%) 

10.3 
10.2 
10.5 

10.1 
10.9 
10.6 

11.1 

10.1 
10.9 

10.3 



Example 3 

To cyclohexane (600 ml) were added polyethylene 
molecular weight: 7,000) (18 g) and the same ethyl- 
cellulose as used in Experiment I (12 g) and the mixture 
vas dissolved by heating at 80°C. After dispersing 1- 
methyl-5-methoxy-3- (dithien- 2-y Methylene) piper idium 
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hy arobro»,ide (I) (Particle size: 105 - 210 *> <4. g> 
to the solution, the dispersion was cooled with stirring 
, t 400 r.p.». «hen the temperature became to about 65-C. 
crboxymethyl.. ethylcellulose tsubstitution de S ree of 
carboxymethyl: 0.55. substitution degree of ethoxy: 2.2, 
(60 g, was added in order to incorporate it into the 
coating -alls, and the mixture was cooled to room 
temperature. The microcapsules thus formed were treated 
in the same manner as described in Example 2-(2) to give 
the active compound CD -containing microcapsules (116 g) 

-Dowders" and had a content 
which met the requirements of "powcer 

of the active compound (1) of 40.1 *- 
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claims 

1. In ethylcellulose microcapsules comprising 
(i) particles of a core material ana UH ethylcellulose 
coating walls deposited on and around said particles of 
5 the core material/ the improvement wherein an enteric 

polymer material is incorporated into the ethylcellulose 
coating walls of the microcapsules. 

2. The microcapsules according to claim 1, 
wherein the enteric polymer material is a member selected 
10 from the group consisting of an organic dicarboxylic acid 
ester- of a hydroxyalkyl alkylcellulose or cellulose 
acetate, a carboxyalkyl alkylcellulose, a copolymer of 
an alkenylcarboxylic acid and an alkyl ester of an 
alkenylcarboxylic acid, a copolymer of an alkenyl- 
15 carboxylic acid and two alkyl esters of an alkenyl- 
carboxylic acid, zein and shellac. ; 

3. The microcapsules according to claim 1, 
wherein the enteric polymer material is a member selected 
from the group consisting of a phthalic acid ester of a 
20 hydroxyalkyl alkylcellulose or cellulose acetate, a 

carboxyalkyl alkylcellulose, a copolymer of methacrylic 
acid and an alkyl acrylate, a copolymer of methacrylic 
acid and an alkyl methacrylate , a copolymer of meth- 
acrylic acid, an alkyl acrylate and an alkyl meth- 
25 acrylate, zein and shellac. 

4. The microcapsules according to claim 1, 
wherein the enteric polymer material is a member selected 
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from the group consisting of cellulose acetate phthalate, 
hydroxypropyl methylcellulose phthalate, carboxyroethyl 
ethylcellulose, copolymer of methacrylic acid and 
methyl aery late , copolymer of methacrylic acid and 
ethyl aery late r copolymer of methacrylic acid and 
methyl methacrylate, copolymer of methacrylic acid, 
methyl acrylate and methyl methacrylate , zein and 
shellac, 

5 . The microcapsules according to either one 
of claims 1 through 4, wherein the enteric polymer 
material is contained in the coating walls of ethyl- 
cellulose in an amount of at least 0.01 gram per gram 
of ethylcellulose, 

6. The microcapsules according to either 
one of claims 1 through 4, wherein the enteric polymer 
material is. contained in the coating walls of ethyl- 
cellulose in an amount of 0.05 to 20 grams per gram 

of ethylcellulose. 

7 . The microcapsules according to claim 6 , 
wherein the ethylcellulose has an ethoxy content of 
46.5 to 55 W/W %. 

8 The microcapsules according to claim 6 , 
wherein the ethylcellulose has an ethoxy content of 
46.5 to 55 W/W % and a viscosity Imeasured at 25°C 
with respect to a 5 W/W % solution in toluene-erthanol 
(4 : 1)] of 3 to 500 cP. 

9. The microcapsules according to claim 7, 
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wherein particles of the core material contain a water- 
swellable polymer material which shows at least 1.5 
times increase in weight by immersing it in water at 
37°C. 

5 10. The microcapsules according to claim 9, 

wherein the water-swellable polymer is a member selected 
from the group consisting of agar-agar, pectinic acid, 
alginic acid, cellulose, starch, a carboxyalkyl cellu- 
lose, a carboxyalkyl cellulose calcium, a copolymer of 
10 divinylbenzene and an alkenylcarboxylic acid, a cross- 
linked gum arabic, a cross-linked dextran, and a cross- 
linked polyalkenylcarboxylic acid. 

11- The microcapsules according to claim 9, 
wherein the water-swellable polymer is a member selected 
15 from the group consisting of agar-agar, pectinic acid, 

alginic acid, cellulose, starch, carboxymethyl cellulose, 
carboxymethyl cellulose calcium, copolymer of divinyl- 
benzene and acrylic acid, gum arabic cross-linked with 
epichlorohydrin, dextran cross-linked with epichlorohydrin, 
20 and self-crosslinked polyacrylic acid. 

12. A method of preparing ethylcellulose 
microcapsules which comprises the steps of: 

(a) dissolving ethylcellulose in a solvent, 

(b) dispersing particles of a core material in the 

25 solution thus obtained, 

(c) cooling the dispersion until coating walls 
having a viscosity of 0.1 to 50 P are formed on and 
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around the particles of the core material, 

(d) adding an enteric polymer material to the 
dispersion, 

(e) further cooling the dispersion containing the 
enteric polymer material until the resultant - embryonic 
microcapsules shrink and become solid by solvent loss 
from the coating walls, and then 

(f) recovering the thus-formed microcapsules 

therefrom. 

13 - The method according to claim 12, wherein 
the enteric polymer material is a member selected from 
the group consisting of an organic dicarboxylic acid 
ester of a hydroxyalkyl alkylcellulose or cellulose 
acetate, a carboxyalkyl alkylcellulose, a copolymer of 
an alkenylcarboxylic acid and an alkyl ester of an 
alkenylcarboxylic acid, a copolymer of an alkenyl- 
carboxylic acid and two alkyl esters of an alkenyl- 
carboxylic acid, zein and shellac. 

14. The method according to claim 12, wherein 
the enteric polymer material is a member selected from 
the group consisting of a phthalic acid ester of a 
hydroxyalkyl alkylcellulose or cellulose acetate, a 
carboxyalkyl alkylcellulose, a copolymer of methacrylic 
acid and an alkyl acrylate r a copolymer of methacrylic 
acid, an alkyl aery late and an alkyl methacrylate , zein 
and shellac. 
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15. The method according to claim 12, wherein 
the enteric polymer material is a member selected from 
the group consisting of cellulose acetate phthalate, 
hydroxypropyl methylcellulose phthalate, carboxymethyl 
ethylcellulose, copolymer of methacrylic acid and 
methyl acrylate, copolymer of methacrylic acid and 
ethyl acrylate, copolymer of methacrylic acid and 
methyl methacrylate , copolymer of methacrylic acid, 
methyl acrylate and methyl methacrylate, zein and shellac 

16. The method according to either one of 
claims 12 through 15, wherein ethylcellulose having 
an ethoxy content of 46.5 to 55 W/W % is used. 

17. The method according to either one of 
claims 12 through 15 , wherein, ethylcellulose having 
an ethoxy content of 46.5 to 55 W/W % and a viscosity 
[measured at 25 °C with respect to a 5 W/W % solution 
in toluene-ethanol (4 : 11 J of 3 to 500 cP is used. 

18. The method according to claim 16, wherein 
the solvent is cyclohexane. 

19. The method according to claim 18, wherein 
the ethylcellulose is used in an amount of 0.01 to 10 
grams per gram of core material. 

20. The method according to claim 18, wherein 
the enteric polymer material is used in an amount of 

at least 0.01 gram per gram of ethylcellulose. 

21. The method according to claim 18, wherein 
the enteric polymer material is used in an amount of 
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0.05 to 20 grams per gram of ethy cellulose. 

22. The method according to claim 18, wherein 
particles of the core material having 30 to 1,000 jl are 
dispersed in the solution- of ethylcellulose , -and the 
enteric polymer material having ...a -particle size not 
more than 300 /* is added at the stage when the coating 
walls have a viscosity of 0.1 to 50 P. 

23. The method according to claim 22, wherein 
particles of the core material contain a water-swellable 

polymer material.' 

24 . The method according to claim 23 , wherein 
the water-swellable polymer material is a member selected 
from the group consisting of agar-agar, pectinic acid, 
alginic acid, cellulose, starch, a carboxyalkyl cellulose, 
a carboxyalkyl cellulose calcium, a copolymer of divinyl- 
benzene and an alkenylcarboxylic acid, a cross-linked 
gum arabic, a cross-linked dextran, and a cross-linked 
polyalkenylcarboxylic acid. 

25. The method according to claim 23, wherein 
the water-swellable polymer material is a member selected 
from the group consisting of agar-agar, pectinic acid, 
alginic acid, cellulose, starch, carboxymethyl cellulose, 
carboxymethyl cellulose calcium, copolymer of divinyl- 
benzene and acrylic acid, gum arable cross-linked with 
epichlorohydrin, dextran cross-linked with' epichloro- 
hydrin, or self-crosslinked polyacrylic acid. 

26. The method according to either one of 
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claims 22 through 25, wherein the ethylcellulose is 
dissolved in cyclohexane at a temperature of about 75 
to 80-C, the dispersion is cooled at a rate of 0.05 
to 4 ^/minute, and the enteric polymer material is 
added to the dispersion at a temperature of about 55 
to 75 °C. 

27. The method according to either one of 
claims 22 through 25, wherein at least one member 
selected from a phase-separation-inducing agent, an 
organosilicon polymer compound and a surfactant is 
further added to the solution of ethylcellulose. 
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